We conducted three studies to test the hypothesis that elevation of the intubating laryngeal mask (ILM) handle increases efficacy of seal, changes fibreoptic position, prevents aspiration of regurgitated fluid and improves intubation. In study 1, the ILM was inserted into 20 paralysed, anaesthetized patients and 20 cadavers. Oropharyngeal leak pressure and fibreoptic position were measured at an intracuff pressure of 0, 60 and 120 cm H 2 O with 0, 20 and 40 N of elevation force. In study 2, the oesophageal pressure at which regurgitation and aspiration occurred was measured in 20 cadavers with the ILM at the above intracuff pressures and elevation forces and 10 cadavers without the ILM (controls). In study 3, ease of blind intubation (first attempt only) was determined in 20 paralysed, anaesthetized patients at 0 and 40 N elevation force. In study 1, there was a significant increase in oropharyngeal leak pressure with increasing elevation force at an intracuff pressure of 0 and 60 cm H 2 O. There were no changes in fibreoptic position. Oropharyngeal leak pressure and fibreoptic position were similar between patients and cadavers. In study 2, oesophageal pressure for regurgitation and aspiration was usually greater for the ILM than controls (all: P<0.05. Aspiration and regurgitation usually occurred at the same oesophageal pressure. In study 3, blind intubation was more successful at 0 N than 40 N (15/20 v 8/20, P=0.03). We conclude that elevation of the ILM handle has little clinical utility other than as a temporary measure to improve the efficacy of the seal.
The intubating laryngeal mask (ILM) is a new airway device designed to have better intubation characteristics than the standard laryngeal mask airway (LMA) 1, 2 . It was bio-engineered by Brain using MRI scans of the adult upper airway and follows a line of development that started in 1983 1 . The principal features are a short, anatomically curved, rigid airway tube, an epiglottic elevating bar and an integral guiding handle that allows the cuff portion to be manipulated in the pharynx to facilitate intubation. An advantage of the ILM over other intubation aids is that it functions as a ventilatory device before and during intubation. However, ventilation may be difficult in up to 5% of patients 3, 4 . It has been suggested that elevation of the handle increases the efficacy of the seal by pressing the cuff more firmly into the periglottic tissues 2 and many clinicians apply an upward force to the ILM handle during blind intubation to maintain its position (unpublished observation). In addition, a recent cadaver study showed that the laryngeal mask airway (LMA) could attenuate liquid flow between the oesophagus and pharynx (probably by acting as a mechanical plug in the hypopharynx), and that the oesophageal pressure at which fluid appeared above and below the cuff was similar 5 . We considered that elevation of the handle might reduce the risk of aspiration by isolating the glottic inlet from the surrounding pharynx and/or providing a channel posteriorly for drainage of fluid. In this randomized, controlled three-part study of anaesthetized patients and cadavers, we test the hypothesis that elevation of the ILM handle increases oropharyngeal leak pressure, changes fibreoptic position and protects the airway from regurgitated fluid and improves intubation.
METHODS
Three studies were conducted. Study 1 was a comparison of oropharyngeal leak pressure and fibreoptic position at different intracuff pressures and elevation forces in paralysed, anaesthetized patients and cadavers. Study 2 was a comparison of the oesophageal pressure at which regurgitation and aspiration occurred at different intracuff pressures and elevation forces in cadavers. Study 3 was a comparison of ease of blind intubation in paralysed, anaesthetized patients with and without handle elevation. Ethics committee approval was obtained and written or verbal informed consent from patients (or relatives in the cadaver study). Anaesthetized patients were excluded if they were less than 18 years old, had laryngopharyngeal pathology, had a body mass index greater than 35 kg.m -2 or were at risk of aspiration. Cadavers with known upper oesophageal or laryngopharyngeal pathology were excluded from the trial. Two experienced LMA/ILM users inserted/fixed the ILM according to the manufacturer's instructions 6 . A size 5 ILM was used for all anaesthetized patients and cadavers 7, 8 . An observer blinded to intracuff pressure and elevation force made all measurements.
Study 1
Twenty ASA 1 to 3, paralysed, anaesthetized patients requiring intubation for elective surgery (ILM patient group A) and 20 cadavers (6 to 24 hours post mortem) matched for height, weight and sex (ILM cadaver group) participated in this study. A standard protocol was followed for anaesthetized patients and routine monitoring applied. Patients were induced with propofol 2.5 mg.kg -1 and anaesthesia was maintained with 100% O 2 and sevoflurane 1 to 2%. Muscle relaxation was with atracurium 0.5 mg.kg -1 . Following placement in anaesthetized patients and cadavers, the ILM handle was attached with three wires to a calibrated spring weighing device that allowed a specific amount of elevation force to be delivered when lifted. One wire was attached where the handle joins the ILM tube, one wire was at the end of the handle furthest from the tube and one wire was in the middle of the handle. The vector of this force was at 90° to the horizontal plane. Oropharyngeal leak pressure and fibreoptic position were documented at an intracuff pressure of 0, 60 and 120 cm H 2 O with 0, 20 and 40 N of elevation force in random order. The intracuff pressure was adjusted using a Digital Cuff Pressure Monitor (Mallinckrodt Medical, Athlone, Ireland) before each measurement. Fibreoptic position was determined from the epiglottic elevator bar using the following scoring system: 4, only vocal cords visible; 3, vocal cords plus posterior epiglottis visible; 2, vocal cords plus anterior epiglottis visible; 1, vocal cords not seen 9, 10 . The visibility of the hypopharynx was also determined from within the bowl of the LMA. Measurements were made in the supine position with the head and neck in the neutral position and the occiput on a firm pillow 5 cm in height. Oropharyngeal leak pressure was measured by closing the expiratory valve of the circle system at a fixed gas flow of 3 l.min -1 , and noting the airway pressure at which the dial on the aneroid manometer reached equilibrium 11 .
Study 2
Twenty fresh cadavers from study 1 (ILM cadaver group) and an additional 10 matched cadavers (control cadaver group) were used for this study. All cadavers were 6 to 24 hours post mortem. After removal of the anterior chest wall to expose the lungs and mediastinum, the oesophagus was incised 10 cm below the level of the cricoid cartilage. The infusion set of a pressure controlled, continuous flow pump AR-6450 (Arthrex, Innsbruck, Austria) was inserted through the oesophageal stump and ligated into position 5 cm below the cricoid cartilage. The pump was accurate to 2 cm H 2 O at flow rates of 0 to 1600 ml.min -1 over a pressure range of 0 to 300 cm H 2 O and was calibrated against a water manometer before use. In the ILM cadaver group, two fibreoptic scopes were inserted: one was positioned in the laryngopharynx to provide a view of the posterior laryngopharynx and proximal rim of the cuff; another was passed through the ILM tube and positioned with a view of the vocal cords. In the control cadaver group, the ILM was not inserted and a single fibreoptic scope was positioned in the laryngopharynx to provide a view of the vocal cords and hypopharynx.
The pressure in the oesophagus was increased from 0 cm H 2 O in 2 cm H 2 O increments every 15 seconds. In the ILM cadaver group, the oesophageal pressure was noted when water first became visible above the cuff and at the vocal cords. This measurement was performed as above at an intracuff pressure of 0, 60 and 120 cm H 2 O at 0, 20 and 40 N of elevation force in random order. Between each measurement, the water was removed from the pharynx and lungs using the suction port of the fibreoptic scope and the infusion set opened and all fluid drained from the oesophagus. Care was taken to avoid displacement of the ILM. Any fibreoptic displacement of the ILM between measurements was noted. In the control group, the oesophageal pressure was noted when water first became visible at the vocal cords and hypopharynx. The accuracy of the fibreoptic detection of fluid was confirmed by noting fluid dripping from the bag of the infusion set. Aspiration was defined as fluid seen at the vocal cords. Regurgitation was defined as fluid seen in the pharynx but not at the vocal cords.
Study 3
Twenty paralysed anaesthetized patients (ILM patient group B) participated in this study. We compared ease of blind intubation through the ILM at an intracuff pressure of 60 cm H 2 O with an elevation force of 0 or 40 N applied in random order. A straight, reinforced silicone tracheal tube with a rounded bevel was used for intubation. The lubricated tube was inserted into the ILM and pushed beyond the epiglottic elevating bar by 8 cm or until any tactile resistance was felt. A fibreoptic scope was then passed down the lumen of the tracheal tube to determine its position. This was then repeated at the other elevation force in the same patient. Only one intubation attempt was permitted at each level of elevation force.
STATISTICS
The distribution of data was determined using Kolmogorov-Smirnov analysis. Statistical analysis was with one way analysis of variance and paired t test. Fibreoptic data was analysed with Chi squared test. Unless otherwise stated, data are presented as mean (95% confidence intervals). Significance was taken as P<0.05.
RESULTS
Demographic data for the three studies are presented in Table 1 . The ILMs were successfully inserted at the first attempt in all patients and cadavers.
Study 1
Oropharyngeal leak pressure, fibreoptic position and oesophageal pressure data are presented in Table  2 . At an intracuff pressure of 0 cm H 2 O, there was a significant increase in oropharyngeal leak pressure between 0 and 20 N and 20 and 40 N for both groups (all: P<0.05). At an intracuff pressure of 60 cm H 2 O, there was a significant increase in oropharyngeal leak pressure between 0 and 20 N elevation force for both groups, but not between 20 and 40 N elevation force. At an intracuff pressure of 120 cm H 2 O there were no significant increases in oropharyngeal leak pressure with elevation force for either group. There were no significant changes in fibreoptic position at any intracuff pressure or elevation force. There were no differences in oropharyngeal leak pressure and fibreoptic position between patients and cadavers. The hypopharynx was not seen in any patient or cadaver.
Study 2
During oesophageal pressure measurements in the cadaver group, there was no displacement of the ILM and the hypopharynx was not visible. For the ILM cadaver group, regurgitation and aspiration occurred at similar oesophageal pressures except for aspiration at 0 cm H 2 O intracuff pressure and 0 N elevation force (P<0.01). For the control cadaver group, regurgitation and aspiration occurred simultaneously at an oesophageal pressure of 12 (9 to 15) cm H 2 O. For the ILM cadaver group, oesophageal pressure for regurgitation and aspiration was greater than the control There was a significant increase in the oesophageal pressure at which aspiration and regurgitation occurred between 0 and 20 N elevation force (P<0.01), but there was no difference between 20 and 40 N.
Study 3
Blind intubation for ILM patient group B was more successful at 0 N than 40 N (15/20 v 8/20, P=0.03).
DISCUSSION
Our data show that elevation of the handle of the ILM by 20 and 40 N produces an increase in oropharyngeal leak pressure of 4 to 18 cm H 2 O depending on the intracuff pressure. This level of force is comparable to that obtained during routine laryngoscopy 12, 13 . The pattern of change and values obtained for oropharyngeal leak pressure are similar to those produced by cuff inflation 14 . The probable mechanism is an increase in force against the pharyngeal mucosa, as occurs with progressive cuff infla-tion 14 . However, the distribution of mucosal pressures is likely to be different from cuff inflation since the elevation force is exerted anteriorly and the force from cuff inflation is exerted radially. Various techniques have been used to improve oropharyngeal leak pressure with the standard and flexible LMA 8, 15 . However, these techniques may be less suitable for the ILM due to the rigidity of the tube leading to loss of seal or trauma.
Our data show that fibreoptic position is unchanged with handle elevation, but that blind intubation through the ILM is less successful. We suggest that although the location of the glottic inlet relative to the epiglottic elevating bar is unchanged by handle elevation, the orientation of the glottic inlet and trachea is less favourable for the advancing tracheal tube. Our success rate for blind intubation without handle elevation was similar to a previous study using the same tracheal tube 16 . Our data for fibreoptic position were similar to previous studies 14 . Although blind intubation was impeded, it is possible that fibreopticguided intubation would not be impeded. It is also possible that a lower elevation force may not have impeded blind intubation.
Our data show that handle elevation does not Oesophageal pressure for control cadaver group was 12 (9-15) cm H2O. Oesophageal pressure for regurgitation and aspiration was always lower in the control cadaver group (P<0.05) other than for regurgitation at 0 cm H2O intracuff pressure and 0 N Fore (*).
Study 1=oropharyngeal leak pressure and anatomic position study. Study 2=regurgitation and aspiration study. prevent the aspiration of fluid regurgitated into the pharynx. However, we found that the inflated cuff of the ILM attenuates regurgitation with oesophageal pressures up to 35 cm H 2 O without and 50 cm H 2 O with handle elevation. This compares with a value of 50 cm H 2 O for the standard and flexible LMA without elevation 5 . We postulate that the initial value is slightly lower for the ILM because the fixed length and rigid tube prevents the tip from sitting firmly in the hypopharynx. When the handle is elevated, the tip is pressed more firmly into the hypopharynx and the protective effect is greater. The clinical importance of handle elevation as a manoeuvre to prevent regurgitation is doubtful since the increase in protection is small. Elevation of the handle has no role in preventing aspiration once regurgitation occurs.
Compared with the anaesthetized human, cadavers have a lower temperature, probably more rigid pharyngeal musculature and do not undergo spontaneous or positive pressure ventilation. Our data show that oropharyngeal leak pressures and fibreoptic positions are similar for paralysed anaesthetized patients and cadavers at identical intracuff pressures. The validity of the fresh cadaver model has been demonstrated for the ILM in terms of ease of insertion, oropharyngeal leak pressure, fibreoptic position and pharyngeal compliance 17 , but there are no comparative data for the upper oesophageal sphincter. Interestingly, studies on the effect of cricoid pressure on upper oesophageal sphincter pressure provide similar results for cadavers 18, 19 and paralysed anaesthetized patients 20, 21 . An investigation into the oesophageal pressures at which regurgitation occurs is not feasible in anaesthetized patients due to the increased risk of aspiration.
We consider that the clinical utility of handle elevation is limited for several reasons. Firstly, although we have shown that elevation of the ILM handle increases oropharyngeal leak pressure, the benefits are limited since most patients already have sufficient oropharyngeal leak pressure for ventilation. Secondly, although elevation of the handle provides some protection from regurgitation, it does not prevent aspiration of fluid that has reached the pharynx. Thus the clinician would need to apply elevation constantly to reduce the risk aspiration. Thirdly, although we showed that the fibreoptic view is unimpaired, intubation through the ILM is impeded by handle elevation. Thus, in a situation where the patient is at risk of aspiration, elevation of the handle will impede achieving intubation and a more secure airway. Finally, although not studied, it is possible that elevation of the ILM handle might increase the risk of trauma. It has been shown that the ILM exerts high pressures against the pharyngeal mucosa 14 and additional force will probably increase these pressures.
We conclude that elevation of the ILM handle improves the efficacy of seal, but does not change fibreoptic position or prevent aspiration of regurgitated fluid, and impedes blind intubation. Elevation of the ILM handle has little clinical utility other than as a temporary measure to improve the efficacy of the seal.
